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SPECIFICATION 



TITLE OF THE INVENTION 
WAVELENGTH DIVISION MULTIPLE ING AN! OPTICAI [RANSM] 3ION API L.l r 

TECHNICAL FIELD 

The present invention relates to a wavelength division multiplexing 
and optical transmission apparatus in which transmission quality is 
heightened in a stage of a small number of initial setting wavelengths 
by installing a non- input optical amplifier to produce a dummy of an 
optical signal additionally set in the future. 

BACKGROUND ART 

A submarine optical! cable transmission method is classified into 

i 

a non-relay method applied for a strait crossing and a long distance 
relay method includinjg a submarine relay device with which an ocean 
crossing is intended.) A submarine optical cable relay transmission 
system requiring of the long distance relay method is composed of a 
submarine relay transmission line and coast station devices of land 
placed on both ends of the submarine relay transmission line, and a 
plurality of submarine relay devices are normally installed at relay 
span intervals of almost 50 Km in the submarine optical cable relay 
transmission system. As a technique of efficiently transmitting a 
plurality of pieces of information through an optical cable, a 
wavelength division multiplexing and optical transmission technique 
is known. In this wavelength division multiplexing and optical 
transmission technique, a plurality of signals are allocated to a 
plurality of optical signals having wavelengths different from each 
other in one-to-one correspondence (division) , the optical signals 
are multiplexed to a multiplexed optical signal, and the multiplexed 



from each other in an 
are transformed into 
receiving element- In) 



optical signal is transmitted in two-way communication by using two 
optical fibers. On a transmission side, a plurality of optical signals 
sent from sources of optical signals of wavelengths different from 
each other are multiplexed to a multiplexed optical signal in an optical 
multiplexer. In a reception side, the multiplexed optical signal is 
demultiplexed to the optical signals having the wavelengths different 

optical demultiplexer, and the optical signals 
a plurality of electric signals in an optical 
this technique, a merit of making possible to 
transmit a large amount of information attracts attention. 

Fig. 1 is a block diagram showing the configuration of a conventional 
wavelength division multiplexing and optical transmission apparatus . 
In Fig. 1, l-m to 1+m indicate a plurality of optical transmitting 
units for modulating a plurality of laser signals having wavelengths 
/l-m to 1+m different from each other with a plurality of data signals 
respectively and outpultting a plurality of modulated optical signals . 
2 and 3 indicate dummy optical signal sources . 4 indicates an optical 
multiplexer. 5 indicates an optical fiber. 6 indicates a conventional 
wavelength division multiplexing and optical transmission apparatus . 
In this example, the conventional wavelength division multiplexing 
and optical transmission apparatus 6 is installed in a coast station 
device. 

Next, an operation wjill be described. 

A plurality of laser signals having wavelengths /l-m to X +m different 
from each other are modulated with a plurality of data signals in 
the optical transmitting units l-m to 1+m, of which the number is 2m, 
in one-to-one correspondence, and a plurality of modulated optical 
signals areoutput . Incaseswhere the demand of the number of wavelengths 
in a telecommunication line is 2m (mis normally equal to a value ranging 
from 4 to 8) in the early stage in which the conventional wavelength 
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divisionmultiplexing and optical transmission apparatus 6 is installed, 
the optical transmitting units 1-m to 1+m are installed. Also, as the 
demand of the number of wavelengths is increased, a plurality of optical 
transmitting units are additionally installed until the total number 
of optical transmitting units reaches a maximum setting wavelength 
number 2n (n is normally equal to a value ranging from 32 to 64) . A 
transmission band width is determined according to a plurality of 
optical amplifier repeaters connected with each other in multistage 
and characteristics of an optical fiber. In case of a combination of 
a plurality of C-band optical amplifier repeaters using a plurality 
of erbium doped optical fiber amplifiers (EDEA) and a non-zero 
distributed shift optical fiber, a transmission band width is almost 
equal to 30 nm. A plurality of divided wavelength bands are obtained 
by dividing a transmission wavelength band at equal intervals, and 
each of the optical signals output from the optical transmitting units 
1-n to 1+n has a spectrjal line width in a wavelength band placed within 
one divided wavelength band, A dummy optical signal of a prescribed 
wavelength X2 and a dummy optical signal of a prescribed wavelength 
X 3 are output from the dummy optical signal sources 2 and 3 without 
modulation. The wavelengths X2 and X3 are placed on the outside of 
a wavelength band which is occupied by the optical signals output from 
the optical transmitting units 1-m to 1+m and correspond to wavelengths 
of optical signals outjput from the optical transmitting units 1-n to 
1+n additionally installed in the future. As a view of a plurality 
of spectral lines is shown in Fig. 2, the dummy optical signal of the 
wavelength A 2 is adj acent to amodulated optical signal of the wavelength 
A-m on a shorter wavelength side, and the dummy optical signal of 
the wavelength A3 is adjacent to a modulated optical signal of the 
wavelength X +m on a longer wavelength side. These dummy optical signals 
output from the dummy optical signal sources 2 and 3 are multiplexed 
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in the optical multiplexer 4 with the modulated optical signals output 
from the optical transmitting units 1-m to 1+m and are transmitted 
to a submarine relay device or the other coast station device through 
the optical fiber 5. In this case, the dummy optical signals placed 
5 on both sides of a wavelength band of the modulated optical signals 
function so as to reduce a peak power of each modulated optical signal . 
In detail, in an optical amplification relay transmission system, a 
power of each modulated optical signal is almost determined to a value 
which is obtained by dividing a saturation power of each optical 

1 0 amplifier repeater installed in a proper position of an optical signal 
transmission line by the number of wavelengths . Assuming that the number 
of wavelengths is small, a power of each modulated optical signal is 
excessively heightened so as to cause non-linear optical effects in 
the transmission line of optical fiber 5. Therefore, a problem has 

15 arisen that the transmission quality of the modulated optical signals 
considerably deteriorates. As non-linear optical effects causing the 
deterioration of the transmission quality, a four- wavelength mixing 
(FWM) and a self phase modulation (SPM) are well known. The FWM and 
the SPM are disclosed' in detail in "Nonlinear Fiber Optics, Academic 

2 0 Press, 1995, New York" written by G. P. Agrawal. In case of the 
conventional wavelength division multiplexing and optical 
transmission apparatus 6 in which the dummy optical signals are placed 
in adjacent to the wavelength band occupied by the modulated optical 
signals, the optical amplifier repeater is operated so as to set a 

2 5 sum of powers of the modulated optical signals and the dummy optical 

i 

signals to a constant j value . Therefore, a sum of the powers of the 
modulated optical signals output from the optical amplifier repeater 
is suppressed, the adverse influence of the non-linear optical effects 
in the optical fiber 5 is considerably reduced, and the transmission 

3 0 quality can be maintained 
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Also, the dummy optical signals placed on both sides of the wavelength 
band of the modulated optical signals function so as to apparently 
widen the wavelength band occupied by the modulated optical signals. 
In detail, in a submarine optical cable relay transmission system, 
5 the optical amplification is repeatedly performed at needs in a 
plurality of optical amplifier repeaters (not shown) placed on proper 
positions of the optical transmission line. Each optical amplifier 
repeater is designed so as to optimize a gain profile of the modulated 
optical signals incases where the number of wavelengths of themodulated 

10 optical signals input to the optical amplifier repeater is maximized. 
Therefore, in cases where the number of wavelengths used in the early 
operation is small, when the optical amplifier repeater is operated 
for the small number of wavelengths, a gain profile corresponding to 
the small number of wavelengths differs from that assumed in the 

15 designingof the optical amplifier repeater. Therefore, when the optical 
amplification is repeatedly performed in the optical amplifier 
repeaters, a gain difference is remarkably increased in the modulated 
optical signals according to the gain profile set in the designing 
of each optical amplifier repeater. In a case of the conventional 

2 0 wavelength division multiplexing and optical transmission apparatus 

6 in which the dummy optical signals are placed in adjacent to the 
wavelength band occupied by the modulated optical signals, the optical 

amplifier repeaters are operated so as to control the sum of the output 

I 

powers of the modulated optical signals and the dummy optical signals 
25 to a constant value. Therefore, the same gain profile as that set in 
the designing of each optical amplifier repeater is obtained in the 
optical amplifier repeater, the adverse influence of the gain difference 
on the modulated optical signals is considerably reduced, and the 
transmission qualityoje themodulated optical signals can be maintained. 

3 0 However, in the conventional wavelength division multiplexing and 
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optical transmission apparatus 6, because each of the dummy optical 
signal sources 2 and 3 is formed of a laser diode from which a laser 
signal of a single wavelength is emitted, a spectral line width of 
the output laser signal is narrow. Therefore, a stimulated Brillouin 
scattering (SBS) denoting the non-linear optical effects is caused, 
and a problem has arisen that the transmission quality of the modulated 
optical signals deteriorate. Also, because each output laser signal 
is polarized in an inherent direction, there is a case where the lowering 
of a gain of each modulated optical signal polarized in a specific 
direction or a change-with-time of a degree of the lowering of the 
gam is caused due to the polarization dependent gain (PDG) of the 
optical amplifier repeater. In this case, it is necessary to use a 
polarization scrambler (PSCR) so as to prevent the deterioration of 
an S/N ratio of the modulated optical signal by performing 
non-polarization for the polarized optical signal. Therefore, aproblem 
has arisen that a size of the wavelength division multiplexing and 
optical transmission apparatus is enlarged and it is difficult to reduce 
the cost of the production of the wavelength division multiplexing 
and optical transmission apparatus. Also, in cases where a technical 
improvement is planned to widen the wavelength band occupied by the 
modulated optical signals for the purpose of increasing the number 
2m of wavelengths of the modulated optical signals, because each of 
the dummy optical signal sources 2 and 3 is formed of a laser diode 
from which a laser signal, of a single wavelength is emitted, the dummy 
optical signal sources 2 and 3 cannot be accommodated to a system change . 
Therefore, it is required to newly prepare a dummy optical signal source 
possible to be accommodated to a new system, and a problem has arisen 
that it becomes more and more difficult to reduce the cost of the 
production of the wavelength division multiplexing and optical 
transmission apparatus. 
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The present invention is provided to solve the above-described 
problems, and the object of the present invention is to provide a 
wavelength division multiplexing and optical transmission apparatus 
in which a plurality of modulated optical signals can be transmitted 
without degrading transmission quality of the modulated optical signals 
by using a non- input optical amplifier even though the number of 
wavelengths of the modulated optical signals used at the early time 
is small, a gain difference caused in an optical transmission wavelength 
band is compensated and the transmission quality is heightened. 



DISCLOSURE OF THE INVENTION 

A wavelength division multiplexing and optical transmission 
apparatus according to the present invention comprises a plurality 
of optical transmitting units for modulating a plurality of laser 
signals having inherent wavelengths with a plurality of data signals 
and outputting a plurality of modulated optical signals, optical 
amplif yingmeans for outputting an amplified spontaneous emission light 
signal (ASE) , band pass filtering means for setting an occupied 
wavelength band of the modulated optical signals output by the optical 
transmitting units, an additional wavelength band possible to be 
additionally installed in the future and a neighboring wavelength band 
of both the occupied wavelength band and the additional wavelength 
band as a filtering wavelength band and band-filtering the amplified 
spontaneous emission light signal output by the optical amplifying 
means and outputting a non-modulated spectrum slice optical signal, 
and optical multiplexing means for multiplexing the non-modulated 
spectrum slice optical signal output by the band pass filtering means 
with the modulated optical signals output by the optical transmitting 
units and transmitting a multiplexed optical signal. 

In the above configuration, the amplified spontaneous emission light 
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signal is band- filtered to obtain the spectrum slice optical signal, 
and the spectrum slice optical signal functioning as a dummy optical 
signal is multiplexed with the modulated optical signals. Therefore, 
a wavelength band occupied by the spectrum slice optical signal or 
band components of the spectrum slice optical signal can be arbitrarily 
processed. Also, because a spectrum line width of the spectrum slice 
optical signal can be widened, there is no probability that a 
transmission quality of the modulated optical signals is degraded due 
to the stimulated Brillouin scattering (SBS) . Also, because the 
polarization in an inherent direction doe not exist in the modulated 
optical signals, there is no probability that the reduction of gains 
of the modulated optical signals or a change-with-time of a degree 
of the reduction of the gains of the modulated optical signals is caused 
due to the polarization dependent gain (PDG) of each optical amplifier 
repeater. Accordingly, the deterioration of an S/N ratio can be 
prevented. Also, it is not required to prepare a polarization scrambler 
(PSCR) for the purpose of obtaining the modulated optical signals of 
no polarization, and it is not required to prepare a new dummy optical 
signal source in the widening of the optical transmission wavelength 
band for the purpose of increasing the number of wavelengths of the 
modulated optical signals. Accordingly, the enlarging of the size of 
the wavelength division multiplexing and optical transmission 
apparatus can be suppressed, and the cost of the production of the 
wavelength division multiplexing and optical transmission apparatus 
can be reduced. 

In the wavelength division multiplexing and optical transmission 
apparatus according to the present invention, the optical amplifying 
means comprises a pair of optical amplifiers which each have a signal 
input terminal terminated at no reflection, and the bandpass filtering 
means comprises a pairj of optical band pass filters for setting both 
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the occupied wavelength band of the modulated optical signals output 
by the optical transmitting units and the neighboring wavelength band 
of the occupied wavelength band as the filtering wavelength band, 
filtering the amplified spontaneous emission light signal output by 
the optical amplifiers and outputting a pair of non-modulated spectrum 
slice optical signals. 

In the above configuration, a plurality of spontaneous emitted laser 
signals are output by using the optical amplifiers which each have 
a signal input terminal terminated at no reflection, the spontaneous 
emitted laser signals are band-filtered in the optical bandpass filters 
respectively to obtain! spectrum slice optical signals, and the spectrum 
slice optical signals functioning as dummy optical signals are 
multiplexed with the modulated optical signals. Therefore, awavelength 
band occupied by the spectrum slice optical signals or band components 
of the spectrum slice optical signals can be arbitrarily processed. 
Also, because a spectrum line width of each spectrum slice optical 
signal can be widened, there is no probability that a transmission 
quality of the modulated optical signals is degraded due to the 
stimulated Brillouin scattering (SBS) . Also, because the polarization 
in an inherent direction do not exist in the modulated optical signals, 
there is no probability that the reduction of gains of the modulated 
optical signals or a change- with- time of a degree of the reduction 
of the gains of the modulated optical signals is caused due to the 
polarization dependent gain (PDG) of each optical amplifier repeater . 
Accordingly, the deterioration of an S/N ratio can be prevented. Also, 
it is not required to prepare a polarization scrambler (PSCR) for the 
purpose of obtaining the modulated optical signals of no polarization, 
and it is not required to prepare a new dummy optical signal source 
in the widening of the optical transmission wavelength band of the 
optical amplifier repeater for the purpose of increasing the number 
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of wavelengths of th<* modulated optical signals. Accordingly, the 
enlarging of the size of the wavelength division multiplexing and 
optical transmission ppparatus can be suppressed, and the cost of the 
production of the wavelength division multiplexing and optical 
transmission apparatus can be reduced. Also, in cases where a technical 
improvement is performed to widen the occupied wavelength band of the 
modulated optical signals for the purpose of increasing the number 
of wavelengths of the modulated optical signals, the technical 
improvement can be performed by only changing the optical band pass 
filters connected to the optical amplifiers to those having required 
bandpass filtering characteristics. Therefore, it is not required 
to newly prepare a dummy optical signal source possible to be 
accommodated to a new system, and the new system of the wavelength 
division multiplexing and optical transmission apparatus can be 
obtained without increasing the cost. 

In the wavelength division multiplexing and optical transmission 
apparatus according to the present invention, the optical amplifying 
means comprises a single optical amplifier which has a signal input 
terminal terminated at no reflection, and the band pass filtering means 
comprises a light dividing element for dividing the amplified 
spontaneous emission light signal output by the optical amplifier into 
a plurality of amplified spontaneous emission light signals, and a 
plurality of optical band pass filters, connected to a plurality of 
divided output terminals, of the light dividing element respectively, 
for outputting the non-modulated spectrum slice optical signal. 

In the above configuration, an amplified spontaneous emission light 
signal is output by using the single optical amplifier which has a 
signal input terminal terminated at no reflection, the amplified 
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amplified spontaneous emission light signals, the amplified 



light signal is divided into a plurality of 
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spontaneous emission light signals are band-filtered in the optical 
band pass filters respectively to obtain a plurality of spectrum slice 
optical signals, and the spectrum slice optical signals functioning 
as a plurality of dummy optical signals are multiplexed with the 
modulated optical signals . Therefore, a wavelength band occupied by 
the spectrum slice optical signals or band components of the spectrum 
slice optical signals can be arbitrarily processed by using the band 
pass filtering means of a minimum size which is obtained by combining 
the single optical amplifier and the plurality of optical band pass 
filters. Also, because a spectrum line width of each spectrum slice 
optical signal can be widened, there is no probability that a 
transmission quality of the modulated optical signals is degraded due 
to the stimulated Brillouin scattering (SBS) . Also, because the 
polarization in an inherent direction do not exist in the modulated 
optical signals, there is no probability that the reduction of gains 
of the modulated optical signals or a change-with-time of a degree 
of the reduction of the gains of the modulated optical signals is caused 
due to the polarization dependent gain (PDG) of each optical amplifier 
repeater. Accordingly, the deterioration of an S/N ratio can be 
prevented. Also, it is not required to prepare a polarization scrambler 
(PSCR) for the purpose of obtaining the modulated optical signals of 
no polarization, and it is not required to prepare a new dummy optical 
signal source in the widening of the optical transmission wavelength 
band of the optical amplifier repeater for the purpose of increasing 
the number of wavelengths of themodulated optical signals . Accordingly, 
the enlarging of the size of the wavelength division multiplexing and 
optical transmission apparatus can be suppressed, and the cost of the 
production of the wavelength division multiplexing and optical 
transmission apparatus can be reduced. Also, in cases where a technical 
improvement is performed to widen the occupied wavelength band of the 
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modulated optical signals for the purpose of increasing the number 
of wavelengths of the modulated optical signals, the technical 
improvement can be performed by only changing the optical band pass 

i 

filters connected to the optical amplifiers to those having required 
5 bandpass filtering characteristics. Therefore, it is not required 
to newly prepare a dummy optical signal source possible to be 
accommodated to a new system, and the new system of the wavelength 
division multiplexing and optical transmission apparatus can be 

obtained without increasing the cost. 

i 

10 In the wavelength division multiplexing and optical transmission 
apparatus according to the present invention, the optical amplifying 
means comprises a single optical amplifier which has a signal input 
terminal terminated at no reflection, and the bandpass filtering means 
comprises a light dividing element for dividing the amplified 

1 5 spontaneous emission light signal output by the optical amplifier into 
aplurality of amplified spontaneous emission light signals, aplurality 
of optical band pass filters connected to a plurality of divided output 
terminals of the light dividing element respectively, an optical 
multiplexer for multiplexing two or more outputs of the optical band 

2 0 pass filters with each other and outputting the non-modulated spectrum 
slice optical signal, and an optical amplifier for amplifying an output 
of the optical multiplexer while controlling a power of the output 
to a constant value. 
In the above configuration, an amplified spontaneous emission light 

2 5 signal is output by using the single optical amplifier which has a 

terminated at no reflection, the amplified 

light signal is divided into a plurality of 
emission light signals, the amplified 
spontaneous emission light signals are band-filtered in the optical 

3 0 band pass filters respectively to obtain a plurality of spectrum slice 



signal input terminal 
spontaneous emission 
amplified spontaneous 
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optical signals, the spectrum slice optical signals are amplified for 
each block, and the spectrum slice optical signals functioning as a 
plurality of dummy optical signals are multiplexed with the modulated 
optical signals. Therefore, a wavelength band occupied by the spectrum 
slice optical signals or band components of the spectrum slice optical 
signals can be arbitrarily processed by using the band pass filtering 
means which is obtained by combining the single optical amplifier and 
the plurality of optical band pass filters. Also, even though one 
of the optical band pass filters is put in an inoperative condition, 
in the optical amplifier in which an amplified spontaneous emission 
light signal of a specific wavelength planned to be output from the 
optical band pass filter put in the inoperative condition is amplified 
with other amplified spontaneous emission light signals, the other 
amplified spontaneous emission light signals are amplified at stronger 
gains, and the emphasized gains of the other amplified spontaneous 
emission light signals adjacent to the amplified spontaneous emission 
light signal of the specific wavelength compensate for the lacked 
amplified spontaneous emission light signal of the specif ic wavelength . 
Therefore, the transmission quality is not adversely influenced by 
the lack of the amplified spontaneous emission light signal of the 
specific wavelength, and the configuration of the wavelength division 
multiplexing and optical transmission apparatus having a high 
redundancy can be obtained. 

In the wavelength division multiplexing and optical transmission 
apparatus according to the present invention, the optical amplifying 
means comprises an optical amplifier which has a signal input terminal 
terminated at no reflection, and a plurality of pumping laser signal 

the optical amplifier redundantly. 



sources connected to 



In the above configuration, the optical amplifying means comprises 
an optical amplifier which has a signal input terminal terminated at 
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no reflection, and the pumping laser signal sources connected to the 
optical amplifier redundantly. Therefore, even though one pumping laser 
signal source is put in an inoperative condition, an output of the 
other supplement pumping laser signal source is supplied to the optical 
amplifier. Accordingly, the optical amplification can be stably 
continued in the optical amplifier, the reliability for the optical 
amplifier can be heightened. 

In the wavelength division multiplexing and optical transmission 

apparatus according tjo the present invention, the band pass filtering 

i 

means comprises a plurality of optical band pass filters connected 
in cascade. 

In the above configuration, the band pass filtering means comprises 
the optical band pass filters connected in cascade. Therefore, an 
attenuation form of the spectrum slice optical signal in a given 
wavelength band can be strictly specified, an S/N ratio of signals 
can be heightened, and the transmission quality can be heightened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration of an example 
of a conventional wavelength division multiplexing and optical 
transmission apparatus. 

Fig. 2 is a view showing a spectral distribution of modulated optical 
signals and dummy optical signals transmitted in the wavelength division 
multiplexing. 

Fig. 3 is a block dialgram showing the configuration of a wavelength 



division multiplexing 
to a first embodiment 



and optical transmission apparatus according 
of the present invention. 
Fig. 4 is a view showing output characteristics of an optical amplifier 
shown in Fig. 3. 

Fig. 5 is a view showing filtering characteristics of an optical 
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band pass filter shown in Fig. 3. 

Fig . 6 is a block dia.gram showing the configuration of a wavelength 
division multiplexing and optical transmission apparatus according 
to a second embodiment of the present invention. 

Fig. 7 is a block diagram showing the configuration of a wavelength 
division multiplexing and optical transmission apparatus according 
to a third embodiment of the present invention. 

Fig. 8 is a block diagram showing the configuration of an important 
portion of a wavelength division multiplexing and optical transmission 
apparatus according to a fourth embodiment of the present invention. 

Fig. 9 is a block diagram showing the configuration of an important 
portion of a wavelength division multiplexing and optical transmission 
apparatus according to a fifth embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the best mode for carrying out the present invention 
will now be described with reference to the accompanying drawings to 
explain the present invention in more detail. 
EMBODIMENT 1 

Fig. 3 is a block diagram showing the configuration of a wavelength 
division multiplexing and optical transmission apparatus according 
to a first embodiment of the present invention. In Fig. 3, 10 indicates 
a wavelength division multiplexing and optical transmission apparatus . 
1-m to 1+m indicate a plurality of optical transmitting units for 
modulating each of a plurality of laser signals having wavelengths 
X-m to X+m different from each other with a data signal and outputting 
a plurality of modulated optical signals. The number of optical 
transmitting units 1-m to 1+m is 2m. 12a and 12b indicate optical 
amplifiers (or optical amplifying means) . An input end terminal of 
each optical amplifier 12a or 12b is terminated at no reflection. 13a 
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and 13b indicate two optical bandpass filters (or bandpass filtering 
means) for respectively butputting a spectrum slice optical signal. 
14 indicates an optical multiplexer (or optical multiplexing means) 
for multiplexing the spectrum slice optical signals with the modulated 
optical signals . 15 indicates an optical fiber through which an optical 
output signal multiplexed in the optical multiplexer 14 is transmitted. 
Here, in this first embodiment, the optical band pass filter 13a 
corresponds to a high jf requency optical band pass filter in which an 
output of the optical | amplifier 12a is filtered and a non-modulated 

high frequency spectrum slice optical signal, namely, a non-modulated 

I 

shorter wavelength spectrum slice optical signal is output, and the 
optical band pass filter 13b corresponds to a low frequency optical 
band pass filter in which an output of the optical amplifier 12b is 
filtered and a non-modulated low frequency spectrum s lice optical si gnal , 
namely, anon-modulated longer wavelength spectrum slice optical signal 
is output. However, it is applicable that each of the optical band 
pass filters 13a and 13b be formed of an optical band pass filter 
corresponding to a wavelength band (or frequency band) which is placed 
within a wavelength band occupied by the modulated optical signals 
output from the optical transmitting units 1-m to 1+m. 
Next an operation will be described below. 

A plurality of laser signals having wavelengths 1-tcl to X+m different 
from each other are modulated by using a plurality of data signals 
in the optical transmitting units 1-m to 1+m, of which the number is 
2m, in one-to-one correspondence, and a plurality of modulated optical 
signals are output. Each of the modulated optical signals of the 2m 
wavelengths (the number 2m of wavelengths is normally equal to a value 
ranging from 4 to 16) output from the optical transmitting units 1-m 



to 1+m has a spectral 
bands are obtained by 



line width. A plurality of divided wavelength 
dividing the optical transmission wavelength 



wavelength intervals 
wavelength side. Each 
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band at equal intervals in a direction from the shorter wavelength 
side to the longer wavelength side, and a wavelength band of each 
modulated optical signal having the spectral line width is placed within 
the corresponding divided wavelength band. The modulated optical 
signals are arranged ^n a form of shifting the wavelength at constant 

from the shorter wavelength side to the longer 
of the optical amplifiers 12a and 12b is formed 
of a non- input optical amplifier in which an input end is terminated 
at no reflection to cut off an input signal, and a broadband amplified 
spontaneous emission light signal called amplified spontaneous 
emission light (ASE) emitted from an erbium doped fiber, in which energy 
of a pumping laser signal source (not shown) is absorbed, is output 
from each of the optical amplifiers 12a and 12b. As shown in Fig. 4, 
this broadband amplified spontaneous emission light signal has a 
spectral distribution in which the gain is almost uniformly distributed 
over the entire wavelength band. Also, when the amplified spontaneous 
emission light signal is transmitted through each of the optical band 
pass filters 13a and 13b, as shown in Fig. 5, components of the amplified 
spontaneous emission light signal having wavelengths other than a 
specific wavelength are filtered off in each optical band pass filter 
13a or 13b, and only a component of the amplified spontaneous emission 
light signal having the specific wavelength is transmitted through 
each optical band passj filter. In detail, the amplified spontaneous 
emission light signals having wavelengths, which are placed on the 
outside and are adjacent to thewavelengthbandoccupiedby themodulated 
optical signals output from the optical transmitting units 1-m to 1+m, 
are output from the optical band pass filters 13a and 13b. That is 
to say, a spectrum slice optical signal of a wavelength Ida and a 
spectrum slice optical signal of a wavelength Xdb are output from 
the optical band pass 



filters 13a and 13b. Here, the spectrum slice 
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adjacent to the longer 
having the wavelength 



optical signal of the wavelength Xda is adjacent to the shorter 
wavelength side of the modulated optical signal having the wavelength 
X-m, and the spectrum slice optical signal of the wavelength Xdh is 

• wavelength side of the modulated optical signal 
X+m. As is apparent from the production process 
of the spectrum slice optical signals, each spectrum slice optical 
signal is not modulated. 

The spectrum slice optical signals output from the optical band pass 
filters 13a and 13b are multiplexed with the modulated optical signals 
output from the optical transmitting units 1-m to 1+m in the optical 
multiplexer 14 and are transmitted through the optical fiber 15. in 
this case, the spectrum slice optical signals placed on both sides 
of the wavelength band occupied by the modulated optical signals 
function so as to reduce a peak power of each modulated optical signal, 
and a gain distribution of the modulated optical signals in the optical 
transmission wavelength band of each optical amplifier repeater is 
flattened by the spectrum slice optical signals. In detail, gains of 
modulated optical signals placed on the shorter wavelength side among 
the modulated optical signals output from the optical transmitting 
units 1-m to 1+m are reduced by the spectrum slice optical signal of 
the wavelength Xda output from the optical bandpass filter 13a, and 
gains of modulated optical signals placed on the longer wavelength 
side among the modulated optical signals output from the optical 
transmitting units 1-m to 1+m are reduced by the spectrum slice optical 
signal of the wavelength Xdh output from the optical band pass filter 
13b. Therefore, output powers of the modulated optical signals output 
from the optical transmitting units 1-m to 1+m are reduced to such 
a degree that the modulated optical signals do not cause non-linear 
optical effects, and the transmission quality of the modulated optical 
signals is improved. Also, the spectrum slice optical signals of the 
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wavelengths Xda and I 



db placed on both sides of the wavelength band 



occupied by the modulated optical signals compensate the gain 
differences caused in the optical amplifier repeaters. Therefore, an 
output power distribution of the modulated optical signals output from 
the optical transmitting units 1-m to 1+m is flattened in the 
transmission wavelength band of each optical amplif ier repeater, and 
the transmission quality of the modulated optical signals is improved. 

As is described above, in the first embodiment, the amplified 
spontaneous emission light signals are output by using the non-input 
optical amplifiers 12ja and 12b, the amplified spontaneous emission 
light signals are filtered in the optical band pass filters 13a and 
13b to obtain the spectrum slice optical signals, and the spectrum 
slice optical signals functioning as dummy optical signals are 
multiplexed with the modulated optical signals. Therefore, a wavelength 
band occupied by the spectrum slice optical signals or band components 
of the spectrum slice optical signals can be arbitrarily processed. 
Also, because the spectrum slice optical signals differ from the 
conventional dummy optjical signals which each are emitted from a laser 
diode functioning as a dummy optical signal source and have a single 
wavelength, there is no probability that the stimulated Brillouin 
scattering denoting one fiber non-linear phenomenon is caused due to 
a narrow spectral line width of the output optical signal so as to 
degrade the transmission quality, and there is no probability that 
a polarization scrambler is required to prevent the deterioration of 
an S/N ratio caused by the polarization dependent gain (PDG) of each 
optical amplifier repeater placed on the way along the transmission 
line. Accordingly, the enlarging of the size of the wavelength division 

multiplexing and optical transmission apparatus can be suppressed, 

j 

and the cost of the production of the wavelength division multiplexing 
and optical transmission apparatus can be reduced. Also, in cases where 
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a technical improvement is performed to widen the wavelength band 
occupiedby the modulated optical signals for the purpose of increasing 
the number 2m of wavelengths of the modulated optical signals, the 
technical improvement can be performed by only changing the optical 
5 bandpass filters 13a and 13b connected to the optical amplifiers 12a 
and 12b to those having required band pass filtering characteristics. 
Therefore, it is not required to newly prepare a dummy optical signal 
source possible to be accommodated to a new system, and the new system 
of the wavelength division multiplexing and optical transmission 
10 apparatus can be obtained without increasing the cost. 



EMBODIMENT 2 

Fig. 6 is a block diagram showing the configuration of a wavelength 
division multiplexing and optical transmission apparatus according 
to a second embodiment of the present invention. In Fig. 6, 20 indicates 
a wavelength division multiplexing and optical transmission apparatus . 
2-m to 2+m indicate a plurality of optical transmitting units for 
modulating a plurality of laser signals having wavelengths X-m to 
X+m different from each other with a data signal and outputting a 
plurality of modulated optical signals. 22 indicates an optical 
amplifier (or optical amplifying means) . An input end of the optical 
amplifier 22 is terminated at no reflection to cut off an input signal . 
23 indicates a light dividing element connected to an output end terminal 
of the optical amplifier 22. 23i to 23n indicate a plurality of optical 
bandpass filters connected to a plurality of divided output terminals 
of the light dividing jelement 23 respectively. The number of divided 
output terminals of trie light dividing element 23 is n. 24 indicates 
an optical multiplexer for multiplexing a plurality of spectrum slice 

■ 

optical signals output from the optical band pass filters 23 x to 23n 
with the modulated optical signals output from the optical transmitting 
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ranging from 4 to 16) 
to 2+m has a spectral 



units 2-m to 2+m* 25 indicates an optical fiber through which an optical 
output signal multiplexed in the optical multiplexer 24 is transmitted. 
Here, in this second e::nbodiment, a band pass filtering means comprises 
the light dividing element 23 and the optical band pass filters 23i 
5 to 23n (of which the number is n) . 

Next an operation will be described below. 

A plurality of laser signals having wavelengths X-m to X+m different 
from each other are modulated by using a plurality of data signals 
in the optical transmitting units 2-m to 2+m, of which the number is 
1 0 2m, in one-to-one correspondence, and a plurality of modulated optical 
signals are output. Each of the modulated optical signals of the 2m 
wavelengths (the number 2m of wavelengths is normally equal to a value 

output from the optical transmitting units 2-m 
line width. A plurality of divided wavelength 
1 5 bands are obtained by dividing an optical transmission wavelength band 
at equal intervals in! a direction from the shorter wavelength side 
to the longer wavelength side, and a wavelength band of each modulated 

the spectral line width is placed within one 
. wavelength band. The modulated optical signals 

2 0 are arranged in a form of shifting the wavelength at constant wavelength 

intervals from the shorter wavelength side to the longer wavelength 
side. Because the optical amplifier 22 is formed of a non-input optical 
amplifier in which an input signal is cut off, and a broadband amplified 

light signal called the amplified spontaneous 
described before is output from the optical 
amplifier 22 . The amplified spontaneous emission light signal is divided 
into a plurality of laser signals (of which the number is n) in the 
light dividing element 23. Also, when the branched laser signals are 
transmitted through the optical bandpass filters 2 3i to 2 3n respectively, 

3 0 components of each divided laser signal having wavelengths other than 



optical signal having 
corresponding divided 



spontaneous emission 
emission light (ASE) 
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a specific wavelength are filtered off in the corresponding optical 
band pass filter, and a plurality of spectrum slice optical signals 

of specific wavelengths Xdl to ^d2 are transmitted through the optical 
band pass filters 23i to 23n respectively. In detail, in cases where 
integral numbers i and j are set to arbitral numbers adjacent to each 
other in a series of integral numbers 1 ton, a plurality of spectrum 
slice optical signals of specific wavelengths Xdl to Xdl adjacent 
to the shorter wavelength side of the wavelength band occupied by the 
modulated optical signals are output from the optical bandpass filters 
23i to 23i respectively, and a plurality of spectrum slice optical 
signals of specific wavelengths Xdj to Xdn adjacent to the longer 
wavelength side of the wavelength band occupiedby the modulated optical 
signals are output from the optical band pass filters 23j to 23n 
respectively. In this case, it is applicable that each of the optical 
band pass filters 23i to 23n be formed of an optical band pass filter 
corresponding to a wavelength band which is placed within a wavelength 
band occupied by the modulated optical signals output from the optical 



transmitting units 2- 



m to 2+m. 



The spectrum slice optical signals output from the optical band pass 



filters 23 x to 23n are multiplexed with the modulated optical signals 
output from the optical transmitting units 2-m to 2+m in the optical 
multiplexer 24 and ar4 transmitted through the optical fiber 25. In 
this case, the spectrum slice optical signals placed on both sides 
of the wavelength band occupied by the modulated optical signals 
function so as to reduce a peak power of each modulated optical signal . 
In detail, gains of mcjdulated optical signals placed on the shorter 
wavelength side among the modulated optical signals output from the 
optical transmitting units 2-m to 2+m are reduced by the spectrum slice 

optical signals of the wavelengths Xdl to Xdi output from the optical 
band pass filters 23 x to 23i (of which the number is i) , and gains 
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of modulated optical s 
the modulated optical 



of the wavelengths Xdj 
23j to 23n (of which 



.gnals placed on the longer wavelength side among 
signals output from the optical transmitting 



units 2-m to 2+m are reduced by the spectrum slice optical signals 



to Xdn output from the optical bandpass filters 
the number is n-i) . 
Therefore, output powers of the modulated optical signals output 
from the optical transmitting units 2-m to 2+m are reduced to such 
a degree that the modulated optical signals do not cause non-linear 
optical effects in the transmission wavelength band of each optical 
amplifier repeater, and the transmission quality of the modulated 
optical signals is improved. Also, the spectrum slice optical signals 
of the wavelengths Xdl to ^dn placed on both sides of the wavelength 
band occupied by the modulated optical signals compensate the gain 
differences of the optical amplifier repeaters • In detail, the spectrum 

(of which the number is i) of the wavelengths 



slice optical signals 



^Idl to Xdi output from the optical band pass filters 23 x to 23i are 



multiplexed as a plura 
optical signals output 



ity of dummy optical signals with the modulated 
from the optical transmitting units 2-m to 2+m, 
and a multiplexed optical signal is input to each optical amplifier 
repeater • Because the number of wavelengths of the multiplexed optical 
signal input to the optical amplifier repeater approaches the designed 
number of wavelengths, the same gain profile as that of the optical 
amplifier repeater can be maintained in the optical amplifier repeater, 
a gain distribution o^ the modulated optical signals output from the 
optical transmitting units 2-m to 2+m is flattened in the optical 
amplifier repeater, and the transmission quality of the modulated 
optical signals can be improved. 

As is described abo^e, in the second embodiment, the amplified 
spontaneous emission light signal is output by using the non- input 
optical amplifier 22, the divided laser signals (of which the number 
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signal are filtered 



is n) obtained by dividing the amplified spontaneous emission light 



in the optical band pass filters 23i to 23n 



respectively to produce the spectrum slice optical signals, and the 

I 

spectrum slice optical signals functioning as dummy optical signals 
are multiplexed with the modulated optical signals. Therefore, a 
wavelength band occupied by the spectrum slice optical signals or band 
components of the spectrum slice optical signals can be arbitrarily 
processed by using the band pass filtering means of a minimum size 
which is obtained by combining the single optical amplifier 22 and 
the optical bandpass filters 23i to 23n, Therefore, because the spectrum 
slice optical signals differ from the conventional dummy optical signals 



which each are emitted. 



source and have a single wavelength, there is no probability that the 



stimulated Brillouin 



from a laser diode functioning as a laser signal 



scattering denoting one fiber non-linear 



phenomenon is caused due to a narrow spectral line width of the output 

i 

laser signal to degrade the transmission quality, and there is no 

I 

probability that a polarization scrambler is required to prevent the 

I 

deterioration of an S/N ratio caused by the polarization dependent 
gain (PDG) of each optical amplifier repeater placed on the way along 
the transmission line. Accordingly, the enlarging of the size of the 
wavelength division multiplexing and optical transmission apparatus 
can be suppressed, and the cost of the production of the wavelength 
divisionmultiplexing and optical transmission apparatus canbe reduced. 
Also, in cases where a technical improvement is performed to widen 
the wavelength band ocjcupied by the modulated optical signals for the 
purpose of increasing the number 2m of wavelengths of the modulated 
optical signals, the technical improvement can be performed by only 
changing the optical band pass filters 23i to 23m connected to the 
single optical amplifier 22 through the light dividing element 23 to 
those having required band pass filtering characteristics. Therefore, 
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it is not required to newly prepare a dummy optical signal source possible 
to be accommodated to s. new system, and the new system of the wavelength 
division multiplexing and optical transmission apparatus can be 
obtained without increasing the cost. 



EMBODIMENT 3 

Fig . 7 is a block diagram showing the configuration of a wavelength 
division multiplexing and optical transmission apparatus according 
to a third embodiment of the present invention. In Fig. 7, 30 indicates 
a wavelength divisionmult iplexing and optical t ransmiss ion apparatus . 
3-m to 3+m indicate a plurality of optical transmitting units for 
modulating a plurality of laser signals having wavelengths X-m to 
X+m different from each other with a data signal and outputting a 
plurality of modulated optical signals. 32 indicates an optical 
amplifier. An input end of the optical amplifier 32 is terminated at 
no reflection to cut off an input signal. 33 indicates a light dividing 
element connected to an output end terminal of the optical amplifier 
32 . 33i to 33n indicate aplurality of optical bandpass filters connected 
to a plurality of divided output terminals of the light dividing element 
33 respectively. The number of divided output terminals of the light 
dividing element 33 is n. Output signals of the optical bandpass filters 
33i to 33n are classified into k blocks. 36 x to 36k indicate a plurality 
of optical multiplexers for respectively multiplexing the output' 
signals of the optical band pass filters of the corresponding block 
with each other. 37 x to 37k indicate a plurality of optical amplifiers 
connected to a plurality of output terminals of the optical multiplexers 
36! to 36k respectively. 38 indicates an optical multiplexer for 
multiplexing the output signals of the optical band pass filters 33 x 
to 33n with each other. 34 indicates an optical multiplexer for 
multiplexing a plurality of spectrum slice optical signals output from 
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the optical multiplexer 38 with the modulated optical signals output 
from the optical transmitting units 3-m to 3+m. 35 indicates an optical 
fiber through which ad optical output signal multiplexed in the optical 
multiplexer 34 is transmitted. Here, in this third embodiment, a band 
pass filtering means comprises the light dividing element 33 , the 
optical band pass filters 33i to 33n, the optical multiplexers 36i 
to 36k, the optical amplifiers 37i to 37k and the optical multiplexer 
38 . However, the optical multiplexer 38 can be omitted. In this case, 
output signals of the optical amplifiers 37i to 37k are directly input 

to the optical multiplexer 34. 

I 

Next an operation will be described below. 

A plurality of laser signals having wavelengths X-m to A+m different 
from each other is modulated by using a plurality of data signals in 
the optical transmitting units 3-m to 3+m, of which the number is 2m, 
in one-to-one correspondence, and a plurality of modulated optical 
signals are output. Each of the modulated optical signals of the 2m 
wavelengths (the number 2m of wavelengths is normally equal to a value 
ranging from 4 to 16) output from the optical transmitting units 3-m 
to 3+m has a spectral line width. A plurality of divided wavelength 
bands are obtained by dividing an optical transmission wavelength band 
at equal intervals in a direction from the shorter wavelength side 
to the longer wavelength side, and a wavelength band of each modulated 
optical signal having the spectral line width is placed within one 
corresponding divided wavelength band. The modulated optical signals 
are arranged in a form of shifting the wavelength at constant wavelength 
intervals from the shorter wavelength side to the longer wavelength 
side. Because the optical amplifier 32 is formed of a non-input optical 
amplifier, and a broadband amplified spontaneous emission light signal 
called the amplified spontaneous emission light (ASE) described before 
is output from the optical amplifier 32. The amplified spontaneous 
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emission light signal 



output from the optical amplifier 32 is divided 



into a plurality of amplified spontaneous emission light signals (of 



emission light signal 



(of which the number is 
of filtered amplified 



which the number is n) in the light dividing element 33 of a next stage. 
Thereafter, the amplified spontaneous emission light signals are lead 
to the optical bandpass filters 33i to 33n respectively. In the optical 
bandpass filters 33 x to 33n, components of each amplified spontaneous 

having wavelengths other than a specific 
wavelength are filtered off, and the amplified spontaneous emission 
light signals having specific wavelengths Xdl to Xdl respectively 
10 are obtained. The filtered amplified spontaneous emission light signals 

n) are classified into k blocks, and each block 
spontaneous emission light signals is supplied 
to the corresponding one of the optical multiplexers 36 1 to 36k. Here, 
the symbol k denotes an arbitrary number included in the integral numbers 
15 from 1 to n. The blocks of the amplified spontaneous emission light 
signals multiplexed in the optical multiplexers 36± to 36k are amplified 
in the optical amplifiers 37i to 37k respectively and are multiplexed 
with each other in the optical multiplexer 38 . The amplified spontaneous 
emission light signaljs multiplexed with each other in the optical 
20 multiplexer 38 function as a plurality of spectrum slice optical signals 

having wavelengths Xdl to Xdn adjacent to both sides of a wavelength 
band occupiedby the multiplexed optical signals output from the optical 
transmitting units 3-m to 3-fm. 
The first half blocks of spectrum slice optical signals among the 

2 5 k blocks of the spectrum slice optical signals of the wavelengths 

Xdl to Xdn multiplexed with each other in the optical multiplexer 
38 correspond to a group of wavelengths following the wavelength band 
occupiedby the multiplexed optical signals on the shorter wavelength 
side, and the latter half blocks of spectrum slice optical signals 

3 0 among the k blocks of the spectrum slice optical signals correspond 
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to a group of wavelengths following the wavelength band occupied by 
the multiplexed optical signals on .the longer wavelength side. The 
spectrum slice optical signals output from the optical multiplexer 
38 are multiplexed with the multiplexed optical signals output from 
the optical transmitting units 3-m to 3+m in the optical multiplexer 
34, and a multiplexed optical signal is transmitted through the optical 
fiber 35. In this case, the spectrum slice optical signals placed on 
both sides of the wavelength band occupied by the modulated optical 
signals function so as to reduce a peak power of each modulated optical 
signal. In detail, gains of modulated optical signals placed on the 
shorter wavelength side among the modulated optical signals output 
from the optical transmitting units 3-m to 3+m are reduced by the first 
blocks of spectrum slice optical signals selected among the k blocks 
of the spectrum slice optical signals, and gains of modulated optical 
signals placed on the longer wavelength side among the modulated optical 
signals output from the optical transmitting units 3-m to 3+m are reduced 
by the latter blocks of spectrum slice optical signals selected among 
the k blocks of the spectrum slice optical signals. Therefore, output 
powers of the modulated optical signals output from the optical 
transmitting units 3-m to 3+m are reduced to such a degree that the 
modulated optical signals do not cause non-linear optical effects in 
the transmission wavelength band of each optical amplifier repeater, 
and the transmission quality of the modulated optical signals is 
improved. 

Also, the spectrum slice optical signals of the wavelengths Idl to 
Adn compensate the gairidif f erences of the optical amplifier repeaters . 
In detail, the spectrum slice optical signals (of which the number 

is i) of the wavelengths 161 to Xdi output from the optical band pass 
filters 33! to 33i are multiplexed as a plurality of dummy optical 
signals with the modulated optical signals output from the optical 
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transmitting units 3-m to 3+m, and the multiplexed optical signal is 
input to each optical amplifier repeater. Because the nuinber of 
wavelengths of the multiplexed optical signal input to the optical 
amplifier repeater approaches the designed number of wavelengths, the 
same gain profile as that of the optical amplifier repeater can be 
maintained in the optical amplifier repeater, a gain distribution of 
the modulated optical signals output from the optical transmitting 
units 3-m to 3+m is flattened in the optical amplifier repeater, and 
the transmission quality of the modulated optical signals can be 
improved. 

Also, assuming that one of spectrum slice optical signal sources 
is put in an inoperative condition andno amplified spontaneous emission 

light signal of a wavelength Xg is output from an optical amplifier 
37h (h denotes an integral number ranging from 1 to k) installed for 
a laser signal of the wavelength Xq, apluralityof amplif led spontaneous 



emission light signals 
amplified spontaneous 



amplified spontaneous 
to the wavelength X q co] 



belonging to the same block as that of the lacked 

emission light signal of the wavelength Xq are 
input to the optical amplifier 37h and are amplified at gains stronger 
than those in a case of no lack of the amplified spontaneous emission 
light signal of the wavelength Ig. As a result, the gain emphasized 

emission light signals of wavelengths adjacent 
•ensate for the lack of the amplified spontaneous 
emission light signal of the wavelength Xg, and the transmission quality 
is not substantially adversely influenced by the lack of the amplified 

spontaneous emission light signal of the wavelength Xg. In other words, 
the wavelength division multiplexing and optical transmission 
apparatus 30 can have the device configuration having a high redundancy 
to the lack of a specific wavelength. 

As is described above, in the third embodiment, the broadband amplif ied 
spontaneous emission light signal is output by using the single optical 
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amplifier 32 of which the input terminal is terminated at no reflection, 
the divided amplified spontaneous emission light signals (of which 
the number is n) obtained by dividing the amplified spontaneous emission 
light signal are filtered in the optical band pass filters 33 x to 33n 
respectively to produce the spectrum slice optical signals, and the 
spectrum slice optical signals functioning as dummy optical signals 
are multiplexed with the modulated optical signals. Therefore, a 
wavelength band occupied by the spectrum slice optical signals or band 
components of the spectrum slice optical signals can be arbitrarily 
processed. Therefore, because the spectrumslice optical signals differ 
from the conventional dummy optical signals which each are emitted 
from a laser diode functioning as a dummy optical signal source and 
have a single wavelength, there is no probability that the stimulated 
Brillouin scattering denoting one fiber non-linear phenomenon is caused 
due to a narrow spectral line width of the output laser signal to degrade 
the transmission quality, and there is no probability that a 
polarization scrambler is required to prevent the deterioration of 
an S/N ratio caused by the polarization dependent gain (PDG) of each 
optical amplifier repeater placed on the way along the transmission 
line . Accordingly, the enlarging of the size of the wavelength division 
multiplexing and optical transmission apparatus can be suppressed, 
and the cost of the production of the wavelength division multiplexing 
and optical transmission apparatus can be reduced. Also, in cases where 
a technical improvement . is performed to widen the wavelength band 
occupied by the modulated optical signals for the purpose of increasing 
the number 2m of wavelengths of the modulated optical signals, the 
technical improvement can be performed by only changing the optical 
bandpass filters 33i to 33m connected to the single optical amplifier 
32 through the light dividing element 33 to those having required band 
pass filtering characteristics. Therefore, it is not required to newly 



31 



prepare a dummy optical signal source possible to be accommodated to 
a new system, and the njew system of the wavelength division multiplexing 
and optical transmissjion apparatus can be obtained without increasing 
the cost . Also, even though one of spectrum slice optical signal sources 
is put in an inoperative condition so as to lack an amplified spontaneous 
emission light signal of a specific wavelength, the redundancy is 
exerted in one of the optical amplifiers 37 x to 37k so as to emphasize 
gains of amplified spontaneous emission light signals of wavelengths 
adj acent to the specific wavelength of the lacked amplified spontaneous 
emission light signal. Therefore, the transmission quality is not 
adversely influenced by the lack of the amplified spontaneous emission 
light signal of the specific wavelength. 

EMBODIMENT 4 

Fig. 8 is a block diagram showing the configuration of an important 
portion of a wavelengtlp division multiplexing and optical transmission 
apparatus according to a fourth embodiment of the present invention. 

In Fig. 8, 41 indicates a pumping laser signal source device called 

i 

a pump laser diode. 41a and 41b indicate a pair of laser diodes (or 
pumping laser signal sources) installed in the pumping laser signal 
source device 41 so as to give redundancy to the laser diodes 41a and 
41b. 42 indicates an optical amplifier (or optical amplifying means) . 
Next an operation will be described below. 

In a normal operation, one of the laser diodes 41a and 41b installed 
in the pumping laser signal source device 41, for example, only the 
laser diode 41a is operated, and an excitation laser signal is supplied 
to the optical amplifier 42 . However, when the laser diode 41a normally 
used is broken down and is put in an inoperative condition, the other 
laser diode 41b ins tallied as a supplemental one is operated in place 
of the laser diode 41a. Therefore, even though the laser diode 41a 
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is put in an inoperative condition, no adverse influence is exerted 
on the wavelength division multiplexing and optical transmission 
apparatus . 

As is described above, in the fourth embodiment, even though the 
laser diode 41a is put in an inoperative condition, an excitation laser 
signal emitted from the supplemental laser diode 41b can be supplied 
to the optical amplifier 42. Therefore, the optical amplification can 
be stably continued in the optical amplifier 42, and the reliability 

for the optical amplifier 42 can be heightened . Here, the configuration 

i 

of the optical amplifier 42 and the pumping laser signal source device 
41 can be applied in place of each of the optical amplifiers 12a, 12b, 
22 and 32 described in the first to third embodiments. 

EMBODIMENT 5 

Fig. 9 is a block diagram showing the configuration of an important 
portion of a wavelength division multiplexing and optical transmission 
apparatus according to a fifth embodiment of the present invention. 
In Fig. 9, 52 indicates an optical amplifier (or optical amplifying 
means) . 53a and 53b indicate two optical band pass filters (or band 

connected in cascade to an output terminal of 
52. 

Next an operation will be described below. 

An amplified spontaneous emission light signal output from the optical 
amplifier 52 is filtered in each of the optical band pass filters 53a 
and 53b connected in cascade. Components of unnecessary wavelength 
bands included in the amplified spontaneous emission light signal, 
which is filtered in the optical band pass filter 53a of the first 
stage according to filtering characteristics of the optical band pass 
filters 53a, are removed in the optical band pass filter 53b of the 
latter stage with high precision, and a desired spectrum slice optical 



pass filtering means) 
the optical amplifier 



33 



signal is obtained. Normally, because an attenuation form of the 

i 

spectrum slice optical signal in a given wavelength band is specified, 
a prescribed attenuation form is strictly obtained in the spectrum 
slice optical signal jby using the pair of optical band pass filters 
53a and 53b connected| in cascade, an S/N ratio of the spectrum slice 
optical signal can be improved. 
As is described above, in the fifth embodiment, an attenuation form 

optical signal in a given wavelength band can 
an isolation ratio of signals can be heightened, 

and the transmission quality can be heightened. Here, a technique of 

i 

the configuration of the band pass filtering means comprising a 
plurality of optical band pass filters can be applied in each of the 
first to third embodiments. 



of the spectrum slice 
be strictly specified, 
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INDUSTRIAL APPLICABILITY 

As is described above, the wavelength division multiplexing and 
optical transmission apparatus according to the present invention is 
appropriate for a large capacity of wavelength division multiplexing 
and optical transmission system in which a plurality of modulated 
optical signals can be transmitted without degrading a transmission 
quality of the modulated optical signals even though the number of 
wavelengths of the modulated optical signals installed in the early 
stage by using a non- input optical amplifier is small. 
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WHAT IS CLAIMED IS: 

1. A wavelength division multiplexing and optical transmission 
apparatus comprising; 

a plurality of optical transmitting units for modulating a plurality 
of laser signals having inherent wavelengths with a plurality of data 
signals and outputting a plurality of modulated optical signals; 

optical amplifying means for outputting an amplified spontaneous 
emission light signal; 

band pass filtering means for setting both an occupied wavelength 
bandof the modulated optical signals output by the optical transmitting 
units and a neighboring wavelength band of the occupied wavelength 
band as a filtering wavelength band and band-filtering the amplified 
spontaneous emission light signal output by the optical amplifying 
means and outputting a non-modulated spectrum slice optical signal; 
and 

optical multiplexing means for multiplexing the non-modulated 
spectrum slice optica^ signal output by the band pass filtering means 
with the modulated optical signals output by the optical transmitting 
units and transmitting a multiplexed optical signal. 

2. A wavelength division multiplexing and optical transmission 
apparatus according to claim 1, wherein the optical amplifying means 

comprises a pair of optical amplifiers which each have a signal input 

i 

terminal terminated at jno, reflection, and the bandpass filtering means 
comprises optical band pass filters for setting both the occupied 
wavelength band of the modulated optical signals output by the optical 

the neighboring wavelength band of the occupied 
filtering wavelength band, filtering amplified 
spontaneous emission light signals output by the optical amplifiers 
and outputting non-modulated spectrum slice optical signals. 



transmitting units and 
wavelength band as the 
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3. A wavelength division multiplexing and optical transmission 
apparatus according t'o claim 1, wherein the optical amplifying means 
comprises a single optical amplifier which has a signal input terminal 
terminated at no reflection, and the band pass f ilteringmeans comprises 

a light dividing element for dividing the amplified spontaneous 
emission light signal output by the optical amplifier into a plurality 
of amplified spontaneous emission light signals, and 

a plurality of opticjal band pass filters, connected to a plurality 

i 

of divided output terminals of the light dividing element respectively, 
for outputting the non-modulated spectrum slice optical signal, 

4. A wavelength division multiplexing and optical transmission 
apparatus according to claim 1, wherein the optical amplifying means 

comprises a single optical amplifier which has a signal input terminal 

I 

terminated at no reflecjtion, and the bandpass f ilteringmeans comprises 
a light dividing element for dividing the amplified spontaneous 

emission light signal output by the optical amplifier into a plurality 

of amplified spontaneous emission light signals, 
a plurality of optical band pass filters connected to a plurality 

of divided output terminals of the light dividing element respectively, 
an optical multiplexer for multiplexing two or more outputs of the 

optical band pass filters with each other and outputting the 

non-modulated spectrum slice optical signal, and 



an optical amplifier 



for amplifying an output of the optical 



multiplexer while controlling a power of the output to a constant value • 



5. A wavelength division multiplexing and optical transmission 



apparatus according to 
comprises 



claim 1, wherein the optical amplifying means 
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an optical amplifier which has a signal input terminal terminated 
at no reflection, and 

a plurality of pumping laser signal sources connected to the optical 
amplifier redundantly. 

6. A wavelength division multiplexing and optical transmission 
apparatus according to claim 1, wherein the bandpass filtering means 
comprises a plurality qf optical bandpass filters connected in cascade. 
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ABSTRACT OF THE DISC 



.OSURE 



Apluralityof amplified spontaneous emission light signals are output 



by using a plurality 



of optical amplifiers 12a and 12b which has a 



signal input terminal terminated at no reflection, the amplified 



spontaneous emission 
of optical band pass 
plurality of spectrum 



light signals are band-filtered in a plurality 
filters 13a and 13b respectively to obtain a 
slice optical signals, and the spectrum slice 



optical signals functioning as a plurality of dummy optical signals 



are multiplexed with 



a plurality of modulated optical signals. 
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Declaration and Power of Attorney For Patent Application 
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Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



*A©{i^ m®&Tm<D&<0&%<D'&\zmmZ*itz® My residence, post office address and citizenship are as stated 
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next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

"WAVELENGTH DIVISION MULTIPLEXING AND 



OPTICAL TRANSMISSION APPARATUS" 



{ft *»C«WS*fCl»*-f. 

: B — £ hc«hjs*u 



the specification of which 

□ is attached hereto. 

H was filed on 31/July/20nn 



r) 



! 



! 



TTHTaH^.WlHl'aE'WlJJtlBCnJ 



U m 



as United States Application Number or 
PCT International Application Number 
PCT/JP00/Q.S1S3 and was amended on 
(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 
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Prior Foreign Applications) 



Japanese Language Declaration 

IIS) 



(Number) 

(##) 

(Number) 



(Country) 



(Country) 

(ffl«) 



(Filing Date) 

(ffiJfflB) 



■* (Application No.) 

j* (ffiK*#) 

l365^ (c) K:aS^<*W*dCC^HL*-ro *|fc. #ftJ§f£># 



(Application No.) 



(Filing Date) 

(tMH) 



(Application No.) 

(mn#^) 



(Filing Date) 

«B«H) 



< *B^^T*n-e4>s k«tr^« <r t . s 



*£3S-3 » , aft « fc tt«r#, 6 L < tt * © H*r«i J: 9 MP s *t 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application® for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 



(Day/Month/Year Filed) 

(ffig^B) 



(Day/Month/Year Filed) 

(ffiSPf^B) 



□ 
Yes 
Jit* 

□ 
Yes 
fit* 



□ 
No 

□ 
No 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 19(e) of any United States provisional application(s) listed 
below. 



(Application No.) 

(£M##) 



(Filing Date) 

(ffiJKB) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States applications), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Status: Patented, Pending, Abandoned) 

mm ; wwffpRfw, ^s*. warn) 

(Status: Patented, Pending, Abandoned) 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or Imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Japanese Language Declaration 

I (B$IIfl) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in Xh4 Patent and Trademark 
Office connected therewith: (list name and registration number) 




0228S0 

j ~~ ' 

j 

•SRSifitifc Send Correspondence to: 

! iium 

022860 

sal , 





Direct Telephone Calls to: (name and telephone number) 
(703)413-3000 




in*a»w#*fctt»--o*iBi*w#©tt* j \-qO 

iii ! 


Full name of sole or first joint inventor 

iiiroaki MMEHIRA 




Inventor's signature Date 
HJ(aaJU Feb - 19 ' 2002 


y 




Residence 

.Tokyo tl Japan c3pX 


1 1KB? 




Citizenship 

Japanese 




i 


Post Office Address 

c/o MITSUBISHI DENKI KABUSHIKI KAISHA, 


i 

1 


2-3, Marunouchi 2-charae, Chiyoda-ku, 
Tokyo 100-8310 Japan 




Full name of second joint inventor, if any 
.Tflkashi MTZUDCHI 




Second joint Inventor's signature Date 
TfttatsW- iM^woAw Feb. 19, 2002 




Residence 

Jokyo,, Japan JV)L 


mm 


Citizenship 

Japanese 


I 


Post Office Address 

c/o MITSUBISHI DENKI KABUSHIKI KAISHA. 


| 

I 

! 


2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310 Japan 



(JS=&R©*RBSBI4f fcov >T H«K:IBRU ^STS C t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 
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\ Full name of third joint inventor, if any 
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Third joint Inventor's signature Date 
Nobuvut; To&»um. Feb. 19, 2002 
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Residence 

joKVO/ Japan 1 /v 


mm 




Citizenship 

Japanese 






Post Office Address 

C/O MITSUBISHI DENKT KABUSHIKT KATSHA, 






Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310 Japan 1 ' 





Full name of fourth joint inventor, if any 
Eatsiibiro SHIMIZIL 


! 


Fourth joint Inventor's signature Date 
Watiu* Feb. Y9, 2002 


i 


Residence 

Jfokm/ Japan CTrf- 




Citizenship 

Japanese 




Post Office Address 

g/o MITSUBISHI DENKI KABUSHIKI KAISHA, 




2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310 Janan 






Full name of fifth joint inventor, if any 
Eiichi SHIBANO 




F^hjant^ventates>gnature Date 
W^m? A%AMWH& Feb. 19, 2002 






Residence 

Ibkvo,, Japan <C3<pJC 






Citizenship 

Japanese 






Post Office Address 

c/o KDDI SIBMARINE CSBEE SYSTEMS INC. f 


j 


7-1, Nishi-shinjuku 3-chome, Sh'injuku-ku, 
Tokyo 163-1033 Japan 


i 




Full name of sixthjoint inventor, if any 

Tadami YASUDA 




Sixthjoint Inventor's signature Date 

^LyTUisiM, V^Uo4d s Feb. 19, 2002 






Residence * . 

.Tokyo r Japan c S 






Citizenship 

Japanese i 






Post Office Address 

c/o KDDI SHBMAKCNE CABLE SYSTEMS JM2 9 , 






7-1, Nishi-shinjuku 3-chome, Shinjuku-ku, 
Tokyo 163-1033 Japan 
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sequent joint inventors.) 
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Full name of seventh joint inventor, if any 
Atsuko OKAYASU 
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Seventh inventor's signature Oate 

$T*4* Ofa*f»~~ Feb. 19, 2002 
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Residence f 

Tokyo, Japan CffZL . 


mn 




Citizenship 

Japanese 






Post office address 
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7-1, Nishi-shinjuku 3-chome, Shinjuku-ku, 
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Full name of eighth joint inventor, if any 
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Eighth inventor's signature Date 
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